Cardiac vector flow imaging
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Imaging of the cardiovascular flow is an in-
tegrated part of the cardiac exam in pa-
tients with congenital and acquired cardiac
conditions. The conventional imaging
methods are ultrasound, computed tomog-
raphy, angiography, and magnetic reso-
nance imaging. While ultrasound is cheap,
mobile, real-time, and safe, the ultrasound
mode used for flow assessment, Doppler
ultrasound, is limited by angle dependency
[1]. This implies that only flow in the direc-
tion of the ultrasound beam is evaluated.
Vector flow imaging is a new real-time ul-
trasound method for angle independent
flow assessment introduced by Jensen et
al. [2]. The first studies of cardiac vector
flow imaging have been conducted using a
commercial ultrasound platform with a lin-
ear array transducer (> Fig. 1), and the
studies revealed that cardiac vector flow
imaging is possible and useful [3].

The initial studies concerned feasibility of
the method when applied intraoperatively
in patients with normal and diseased aortic
valve [4, 5], while the following studies ex-
plored advantages, limitations and possible
applications of the method when applied
intraoperatively on patients scheduled for
cardiac by-pass surgery and aortic valve
implantation [6-10]. Examples of vector
flow imaging have been reported of blood
flow in the normal and the congenital dis-
eased pediatric heart using transthoracic
ultrasound [11].

Among the findings were shown that the
aortic secondary flow consists of a systolic
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» Fig. 1 Vector flow imaging of the ascending aorta in longitudinal (left image) and transverse
scan plane (right image) acquired intraoperatively. The real-time vector velocities are displayed
as colored pixels on the B-mode image. The colors given by a 2D color bar define flow direction
and velocity magnitude, and the superimposed vector arrows facilitate the flow interpretation.

and diastolic component both related to
the primary antegrade flow and aortic valve
stenosis [6, 7], that atherosclerotic plaques
have a predilection for vessel locations with
altered flow [7], that flow complexity of the
primary antegrade flow of the ascending
aorta is related to aortic valve stenosis [6],
and that congenital heart defects alter the
flow direction in the ventricles [11].

It is indicated that cardiac vector flow ima-
ging can provide visualization of the com-
plex flow patterns within the heart and
great vessels, that conventional as well as
new flow measures can be obtained with
vector flow imaging, and that new informa-
tion of normal and altered flow can be
gained with vector flow imaging in healthy
persons, in patients with congenital heart
defects, and in patients with acquired cardi-
ovascular diseases. Cardiac vector flow ima-
ging may become a powerful tool for car-
diovascular flow assessment.
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